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ABSTRACT 


Recovered hardware (debris) from a Prograni Te-entry vehicle were 
furnished to the Re-Entry Systems Department for evaluation. This vehicle 
had Flown. subanst days in orbit before commencing a perencey trajectory be- 
cause Of atmospheric drag effects. Exposure to the tropical gshtiae environ 
ment followed impact. Debria consiaced of sections of the forebady and atta: 
hardware, and places of the thermal cover and parachute. 

The phonolic-nylon heat shield had evidence of: (1) local cracking in 
orbit, (2) development of a protrusion during orbit or early eaters and 


(3) curling at edges adjacenc to stress relief grooves during re-entry. Mise 


performance capability is not limtted hy these conditions. Shield degradatic 


during re-entry matched semi-empirical correlations developed from previoua f 
data within reasonable tolerances. Degradation rate parameters we 
determined from shield material exposed ot the actual re-entry environment. 
formance of the current gap filler was confirmed. Parts, parachute, and cher. 
cover evaluations suggest that the afterbody was not directly exposed to re-e: 
heating while tumbling, ar prior to R/V stabilizacion and separation. Magnes. 
mounting cing and cing-to-liner bond tavesclyattous indicated sat tutaccory 
por formance. 


Results confirm adequacy of the prasent design and vehicle quality. 
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I. INTRODUCTION 
5. 7 Recovered re-entry vehicles and materials can provide information and 
data which cannot now be duplicated by ground tests. Ground simulations 
of flight environments are anly limited simple appraximations because of 
facility and technology capabilities, knowledge of flight environmental 
parameters, ambient natural conditions, and economy of resources. Capabilicy 
for diréct or remote observation during flight is alsa limiteu. Therefore 
the present evaluation was performed with the following objectives: 
1. identification of areas where product improvements might be made 
2, observation and moasurement of response and partormance in actual 
flight environments ) 
3. increased understanding of operational capabilities 
4. advancement of technology resulting from application of new data and 


upgrading of design techniquea, 
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III. RECOVERED DEBRIS  ~ 
rr In.composite, the pieces received constituted sections of a forebody 
assembly (CE drawing #198R301) with certain higher assembly items installed, 
and several portions of the parachute and thermal cover. Included were: 
a, heat shield assembly: phenolic-nylon ablative shell and phenolic- 
glass structural liner, silicone rubber gap filler (GE drawing #226E590) 
b. aft shield ring. phenolic-glasa (CE drawing #679D122) 
c. mount ing ring: magnesium elloy FELLA (CE drawing #198R306) 
d. microawitch: component with aluminum bracket (GE drewing #692D911) 
@. interface lug: steel part coated with saalid Film lubricent, molybedenum 
disulfide in an alkyd hinder (GE draw ing “ICL RTS) 
| f. W1J1 interface harness connector: We: PCO7H-22-55P 
g- parachute: portions of fabric (GFE) 
h. thermal cover: phenolic-glass (Pyropreg) (GE drawing #226E£590) | 
i. capsule guides; phenolic-glass with steel facings (GE Prawings #887¢525 
and #6920925) 
Photographs of portions of the recovered forebody sections, Figures 1, 2, 
and 3, show the general condition of the heat shield and other materials received. 
Other portions of the shield were deeply impressed with soil, “With the exception 
vF s badly damaged and solled section which included ragions of the nose cap 


periphery, returned shield sections were from conlcal frusteum of the haat ahflald 
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Iv. DEBRIS EVALUATION: 
A. Orbit and Upper-Atmoapheric Plight | , 

Visual submtaseteaise the slisnolteenyion heat shield revealed the 
‘typical "dried mud flat" appearance of an ablative material after re-entry 
and cool-down. Most of the random cracks (see Figure 3) were produced after 
re-entry when the phenalic nylon cooled down. During re-encry when the phen- 
olic nylon is above 500°F it deforms plastically in compression so that a 
sudden cooling after re-entry would produce tensile cracks, This is substan- 
tiated by the fact that most of the cracks near the free edge of che phanolic 
nylon are meridional in direction because af high hovp compression during re- 
entry with very low axial compressive stresses. Most of the cracks in the haop 
direction are away from the free edges where the axial compression stresses are 
equel or higher than the hoop compression stresses. Several cracks were obser-~- 
ved, however, which evidently occurred during orbital Flighc. 

Based on the launch parameters and flight profile,@ angles (angle between 
solar vector and orbital plane) of -50° to -35° were experienced during orbit. 
These conditions could result in local heat shield temperatures as low as -190°F, 
Minimum temperature location is shown in Figure 4. By analysis (reference 1), 
local shield cracking would be predicted aven with no degradation of material 
properties (shrinkage, reduction of avanaaeioa) ot compressive creep due to pre- 
vious alevatad temperatura axposure tn orbit. Tha ceacka would occur close to 
the stress cullef groovas, ina wer (dona direction, with tha most severa cracha 
developing at the aft-most atreas relies groove. Considering the circtmmrereantial 
temperature distribution and the minimum temperature location for earth-oriented 
orbital flight, the predicted cracks would be confined to the small segment of 
the circumference experiencing near minimum temperatures (approximacely 20 degrees 


of arc). Very few cracka would he expected, afnce those occurcing would relieve 


the local stress levels. 
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The minioum temperature region for earth-orlented flight was located on the 
debris and the cracks cca for chageine along the edges down to the phen- 
olic glass. ‘Only one such crack was found in this region and upon examina- 
tion of the rest of the shield circumference, only two or three other similar 
eracksa could be found, randomly spaced around the circunfarence, Most of the 
cracks still had virgin material at the base next to the phenolic glass, indicat- 
ing that these cracks occured during the latter portion er subsequent to the re- 
entry heating period. | 

Based on the analytical predictions and on the fact that several cracks 
had charring along the edges dowm to the phenolic glasa,.the conclusion ts reached 
that these cracks or in orbit. The random locatians probably occured due to 
the fact that che vehicle aa stabilised inorbit for only the first four and 
latter two days. For most of the remaining days in orbit, the vehicle was probably 

Pom Ay aac. “ali. Fl mine 

tumbling. If, during this latter cime, the vehicle waa/stabilized-for three to 
five orbits, other portions of the circumference could also have bead euniee cad to 
chie-cold Cenperatures thus producing the additional cracks. tn any event, these 
meridional cracks, local to the stress relief grooves, produced by in-orbit cold 
temperatures, are not considered detrimental to the mission performance capability 
of the shield system, 

A trajectory was calculated From known initial pebitel conditions to Lmpect. 
The orbital eloments whlch ware used are defined in Section II of thia raport. A 
constraint on the trajectory waa impacting in thirty days, with the given history 
of stabilized and unstabilized flight. Using a Harris-Priester atmosphere, this 


condition was satisfied. For stabilized flight throughout the observed duration 


of orbit, only a small amount of decay would have resulted, 
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The motion bifiseior of the vehicle can only be a subject of. speculation 
since the aerodynamic and mass characteristics are not known. However, it 
ia most probable that the vehicle atabilized and the R/V separated from the 
test of the orbital system at a high altitude. The R/V then continued into 
impact. Assuming a W/CpA of 55 psf the trajectory parameters are given in 


Figures 5 and 6, This trajectory gives riae to the thermal shield weight losa 


which was observed, 
B. Re-Entry and Impact 

lt. Thermodynamic Performance 

a. Shield Performance 

Post recovery measurements were taken from the aft frustum pieces of the 

vehicle heat shield to determine the axtent of shield degradation. By use of 
previous flight data and simplified techniques, this data was translated into an 
estimate of the aerodynamic heating experienced by che R/V during re-entry. 

Table I presents measurements taken from the recovered aft frustum pieces. 
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By aubtracting the remaining phenolic nylon thickness from the nominal design —""~ 
a ; = ; 
os 


om 


thickness of the shield, it was possible to obtain an estimate of the depth of 
lecal shield degradation. This data and sinilar data from R/V 38 is plotted as a 
function of veliicle axial length in Figure 7. [t can be seen that the avoraye 
debris dagradation depth is greater than chat of &/V 38 by 367 and 13% at Stations 
23 and 18 reapectively. A fair amount of debris data scatter is shown, but it ta 
not in excess of che 8, variance indicated by extensive post racovery measurements 
obtained from R/V 38. 

Figure 8 presents a correlation of R/V 39 degradation depth aa a function of 
tho timo incoyrated reeantry heating. The maan dag redation values of Yration 18 
and 23 (Figure /) were used as an argument to antor Figure 8 ao that astimates of 


thea local lwackng cates cuuld be olhtained. tar Station 18 the tntegratad heating 


ts 3770 BHTU/Ft2 and at Station 23, 2350 BTU/Ft’. The ratio of these two values is 


ee 


= 63% normally, a ratio of 89% would he soe aR 
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TABLE I 
woo, SHIELD DEGRADATION MEASUREMENTS 
LOCATION . MATERIAL THICKNESS IN, 
CLOCK VIRGIN DEPTH OF 
SAMPLE  STATION* ANGLE CHAR + VIRGIN PHENOLIC NYLON DEGRADA- 
NO IN. DEG. PHENOLIC NYLON REMAINING TION ** 

1 17.91 315° 0,138 0.097 0.12 
1 17.91 315 0.162 0.136 0.08 
2 23.4 45 0.187 0.147 0.07 
3 18.4 130 0.212 0.101 0.06 
4 14.4 | 150 0,145 0.121 0.10 
5 23.4 315 0.194 0.138 0.08 
6 23.4 20 : 0.220 0.176 0.04 
6 23.4 20 0.262 0.174 0.05 
7 23.4 135 0.206 0.160 0,06 
8 23.4 160 0.178 0.153 0.0? 


AVERAGE DEPTH 
OF DEGRAD, 
AT STA. 23.4 @ 0.96" 


*Axial Distance from stagnation point. 


**Rhased on nominal design thickness: 0.2195" 
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In order to estimate the possible re-entry path angle extremes indicated by 


expected as ° . q dt) 1aminar 


A 


the shield degradation, Figure 9 was developed. This figure presents the dep- 
endency of the time integrated eecantey heating aa a function of re-entry path 
angle and ballistic coefficient. Employing the integrated heating obtained from 
‘Pigure 8 as an argument Boe 


bond 


(ain a7 (lepay? 


extremes of 51 and 72 
were gator gente Stations 23 and 18 regpectively. Assuming a constant hypersonic 
balltatic of 55 yields a path angle range of 1°,13' to 36’ at an altitude of 
325,000 feet. Thia is a rough estimace of the path angle which fails co take into 
consideration the vehicle angle of attack and the reported delay of separation of 
the R/V from the system. Both of these avente would cause a aignirficanc variation 
in the vehicle's apparent hypersonic ballistic coefficient. 
b. Afterbody Performance 

Several portions of the parachute and thermal cover were obtained. The lack of 
evtiedee of heating would suggest that these pieces were not exposed to attached 
boundary layer heacing rates. Therefore, it would appear chat during the early portion 
of tak re-entry, when normally the R/V has an angle of attack greater than 90° which 
would cause the occurrence of an attached boundary leyer on the chermal cover, the 
Spacer section was still attached to the R/V. Subsequent to the decay of the angle 
of attack to lese than 90°, this member probably was separated from the vehicle, but 
subsequent chute cover heating rates resulting from waka heating were not high 
enough to canee-sianthicant depolymerization of the Pyropreg cover. This opinion 
is further substantiated by the condition of the antenna stub sca'iteulated wires 
exposed in the aft area. None yave ‘i indieation of experiencing apprectablo heating. 


An organic film noted on the cover surface is attributed to decomposition products 


from other materials. 


See 4 
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es Shields 

| Srenina tice of the aft shield section revealed evidence that cracks 
were presenc in the shield diving the re-entry heating period. Vertical sur- 
faces of the shield crack were slightly charred down to the phenolic glass 


liner. These cracks did not alter shield thermodynamic performance. 


. _ds Stress Relief Grooves 
A profile view of the aaw cut at Station 21 indicated that the 
local bond between the shield and liner had failed. This requlted in 


warping or curling of the phenolic nylon shield in the following manner: 







a Be corre 2 a4 2 Ee 
: Mate ogee ae “HU teone ee 
ee ada . “H at 
ie ~ (a Heat Shield - 2 
; i ceuaen re 





: Sta “ins ys QO" | 
Phenolic Ny lon 18% UG 


Se eeetnicg G2 38 | 
ey Aare SKETCH OF SHIELD CROSS-SECTION SHOWING EDGE CURLING 
As the remaining thickness of the virgin phenolic nylon decreased 21° 
“~The Dreis pelt 4A YS , : 
A 
present during the heating period. -The increased body angle with respect 


» it can be concluded that the curvature was 
to the air stream resulted in a local pressure and heating increase which lead 
to geeater depths of shield degradation. A similar conclusion was drawn from | 
the recovered R/V 38. 
e. Ablative Gap Filler 

The ablacive gap filler for the racovered debris was RTV 102 sllicone rudier, 
By compariaon of its thermal degradation with that of the phenolic nylon shield 
ie canbe concluded that its performance is compatible with the snield material; 
hence, fully satisfactory for this application. The earlier flights had employed 
polysulfide PR1221 which had also iicisinaalll tae memic performance. 

Cap ope esion to the aes oS hean was maintained in the recovered 
samples. seveloa of" the RTV 102 was siigveip iss then that of the phenolicenylan 
char remaining on — returned samples. No indicatians of ewelling and vold formation 


, were. 
as a rasult of orbital pparme ace or eee exposure | Wes present. 


Seenr? 


2. Materials Performance | 
a. Degradation Kinetics 
| Thermogravimetric and Ateterential Thermal Analyses (TGA's and DTA's 
respectively) were performed to define shield degradation as a function af depth 
from the surface. Samplea were taken from a coring removed from a randomly selec- 
’ tad lacation on the shield skirt. Sample depths were; (1) at 
Meaied the char/virgin material interface, nominally the top third; (2) down 
1/16" from (1), nominally the middle third; and (3) down 1/16" from (2), nominally 
the hotton third. Material from the trim ring of a production heat ris was 
. used as a base reference. ‘Examination of che DTA thermograms Figures 10 and ye and 
ul show that the top third material doea nat exhibit an andotherm ae Re: F, while 
the deeper samples do in varying degrees. The thermogram of Pigure, J6 represents 
a sampling from the char/virgin material interface. A temperature of 800°F probably 
corresponds to the "melring" of che phenolic resin, although the exact temperature 
_, is a funceion of curing cycle, etc. The peak at 475° RP correspends to the malting of 
a eee oy ere The intensity of this peak varias with the depth indicating that 
during re-entry the phenolic resin surface receded approximaterly 1/16 of an inch. 
Thermogravimetric analyaia (TGA) curves were run on samples from the same 
core and depths as the DTA samples, In addition, a reference sample was run to make 


comparison more complete. The top third curve showed a marked lower rasidual wolght 


dawn r or ake Vo contifitis did. 
fraction at a given temperature than the, dtanderd-er-the-unebtetedporttons-of-the 
apecigen-ased: Figures, Ww, Pet B and ,¥ are thermograms of the etenderd, and hid abe 
18 wd 


middle, and bottom thirds of the phenolic-nylon shield samples. Figure, V is apie | 


e@ ralio 
- of (residual weight fraction of the reference macorial)/(reeidual fraction of the 
& Kat fenyanantivae 
debris) becplay rani rs elven temperstures, ener from the 'piprended: TGA curvos. Figure 
9 oreis- TA dita? 
ig a, ang a (the differential peer Bay deflection on the 4 axis) veraus 
colaTief T9n7, 
depth, at given temperatures for cheeaes material, . The same gradation ts shown ae is 


oN 


in Figure, Yi. 
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The local hond separation at the streeae relief grooves is probably 
the reault of edge effects early in the environment. However, neither this 
nor the curling is considered detrimental to the mission performance capability 
of the syatem. 

b. Mounting Ring and Capsule Guides 

The end tabs of the capsule guidea extending between the magnesium 
mounting ring and the aft shield ring were bent at each location around most of 
the circumference of the shield (sea Has 2 for one of the bent guides). In saaieiae 
the dowel pin hole elongations extend in the aft direction indicating the magnesium 
ring orideer aft relative to the glass liner. The large guide adjacent: to the Piston 
i Seed aiec had a permanent impression of the raised pad on the magnesium ring, 
again indicating an eft movement of the ring. The conclusion reached from this is 
that the shield structure and magnesium ring failed at impact, the capsule structure 
forcing the magnesium ring aft relative to the glass liner. [In addition, the 
magnesium ring waa intact up to the point of impact since, during impact, a uniform 
circumferential bending of the tabs occured. This also accounts for the many small 
plecea of ring since a failure would be expected near each contact point batwaen the 
magnesium ring and the guides. : 

Fracturea and delaminations noted in the phenolic-glags tlnor aro attributed 
to impact. Also, no thermal degradation was evident: tn the 4M & P 100 epoxy - 
novolac adhesive ysed for bonding ringa and assembly to the phenolic-glags. Cohesive 
fatlure waa observed in areas of bond separation, indicating that high strength 


performance was realized in bonded joints. 
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CONCLUSIONS 


The following conclusiong are made based on evaluation of the recovered 


debris: 


1. 


Cracking of the phenolic-nyloan occurred in several places on the heat 
shield skirt during orbit. These cracks did not alter thermodynamic 
performance during re-entry. Miasion performance adequacy of the shield 
and structure system was confirmed by flight results. 

A bulge or protrusion of the phenolfcenylon in the akire aft ring occurred 
during orbit nore probably, at the atart of re-entry heating. <A crater- 
type formation developed during re-entry. Edge ®curling® aft the phenolic- 
nylon adjacent to the stress relief grooves was also experilenced, Local 
conditions of these types can be tolerated without effecting mission per- 
formance adequacy. | 

Integrity and thermodynamic performance of the sie gap Pivieecastartat was 


satisfactory. 


Degradation profile data and degradation rate parameters determined from 


shield material exposed to the actual re-entry environment will {mprove 


confidence and accuracy of degradation and cCemperature response predictions 
for future heat shield dasigns. 

Heating effects on parts, parachute, and thermal cover materiaia evaluated 
indicate that afterbody heating was amall. Thia suggest thac che after- 
body was not directly exposed to the aerothermodynamic heating wauicaueent 
during re-entry while tumbling, or prior to R/V stabilization and separation. 


Apparently the adapter protected the R/V afterbody during the initial pertad 


of re-entry heating. 


The maynesium mounting ring and ring-to-~ liner bund did not experience 


a 


axcossive temperatures during ro-entry. Mountiag ring and bend maintainad 


integrity until Lupact. Cohesive bond Failures and predictahle ring failures 


CMT a : 


a a ee ee or 


VGC! 


7. Shield degradation during re-entry matched semi-empirical correlations 
based on’ previous flight data within reasonable assumption of tolerances. 


8. Adequacy of the present vehicle design and quality was confirmed. 


=~ emer, 


> VE. 
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3. Structural Performance 
a. Heat Shield © 
The center portion of Figure 1 shows an area where the phenolic-nylon 

is completely ablated away in a local crater shape. -The—-phenelic—nylen—ie 
conpieiely-shlesed—avey-in-e—leeel-oveven-ghaper The phenolic-nylon is separated 
from the phenolic glass liner underneath the crater type formation. Thia type 
‘of formation is probably the resuit of 4 local unbonded region between the phenolic 
nylon and the phenolic glass liner. Either due tn elevated temperatures in orbit 
or during a shallow re-entry, the hoop and axtal ila envoy leading in che 
phenolic nylon can cause such protuberances which ablate more, eee surrounding 
ares, until ablating through in the center. Preasure from entrapped volatiles might 
also be a factor in the formacion. Subsequent ablation would develop the crater 
type erosion. The present unbonded area ie estimated to be about 2 inchea in diameter. 
Local unbonded areas af this size, however, can be tolerated without affecting che 


mission performance capability of the structural syatem. A 


Tres 3 rehiad bas 


In Figure 2, a local bond separation at the edge of the , saw-eute Is Silage: 


“3 
with the phenolic nylon curled uqfon the free edges. The virgin nylon thickness tapers 
Tres: periap reoye 
off as the, eau—cet edge is approached. 
The curling phenomana can occur from high temperature exposure during orbit or 
Teeentry. It is caused by the difference in thermal expansion Set ween thea unrestrained 
ear lan fundanged) ans They ad.aeenir Hretrelj-} fon Pa eieer Taiscseg, 
by the Sond to the liner. However, faufficignt time and temperature are required to 
permit inelsstic creep deformation to occur, 
During the orbit environment, where the local high temperature reaches 
250°F, many orbits would be required to produce this effect, as the temperature is 


falatively low. During reentry, when che phenolic-nylon reqches temperatures around 
700°p much shorter time will produce the same effect. Of the two environmenta, 
reentry is considered to be the most probable source due to the circumferential 


Symmetry of the curl. Once the curling phenomena has occured, subsequent gblation 


Lars. . = 
will even off the local protrusion giving the tapered shape seen in Figure 2. quit? 






















‘ a ice | its a. , 1 
. Se * . . ae 
ae - we ‘ 1 -8 ’ 1 
: . Hee of , +. 4 -« . 
- - L... +. oe er and “a eet snes . 
1 oe . ’ 
-peo . a -* 
[es ws F ai os 
. . . - 
é fn ers agered - oe Te : eee -—=e + oe 
eae soe * { ‘ . 
’ ' "ys - 8 , ° 
I + ry oy . . 
4 ‘ d ' + 
~-« - - a. ae ee ob ee oo teens mee 
. ry es 
’ . : 4 cd 
« . * Poca . . 
. . . 
a sie ae aia od. Saha ays 
' t . { . ' 
A . 
+ 3 He t. F 
‘ . ' ‘ te : 
. Se et ay vet t+ oe eee t +. ame geen = pe 
ry .* - ‘ - 
‘ . ee er ee . , + 
’ , wee -} e- t ° ofmn = wtat- . 
; spmwere ° « ee rd -. 
- Aeon, rig Soetaes elaoe “| ones —_— ae: - eames oe sae some se 
2 3 i 7 - eo. eae ees 
, « = - . *. - : i - Dhow Hane . ace 
' oa on e ‘ : - 
- ee -¢ 08 ‘ $ 
- -_ ™ «eaea 7 oe we ee ee 2 oe oe 7 
‘ =. . 
. =. fae. * s+ 
ve i + 
‘ ‘. 
- . t . ~w de. - oe “mm eee 
a. 
{ t 
L - . - . - . 
ed . . . | 
. - * ee ae es 
aus - 
. @- ae 
; wiles Sere! ee iene. «ae spas cha > rae | 
‘ a-Oe 
gee 
‘ 
i. 
. - . . ss eee of t 
1 tery + : 
es | =. 
5; :e | 
: “ ‘ a . -4 
“ee ws 2 oe toh ee -_ = —_ -— = M8 oe 
* . 6 ‘ 
+ : - { 
ere 7. * : 
ase ’ « e 
. oer ; 
- t 
* we 7. '* oe 
, +t 
: r 4 
een je a $ 4 
ae ° ° | 
-* 


900 
se 


RATUME | 
\ 


+ & ‘ ny 
. . e . 
- om “- - -~- = 

wee ft . 
\ ae +6 ry . 
- 4 7 + 

: . . . 
-_ . 


~ . Pa 
Moi. = <x 5 Spare ee ee 
el ; : ; 


t 
po 
! 


ini go yee re - wea os 
44 aw . q+ t : ts sae 
a, Ee See eo ee . ch ae : 
Cpeas J f . - « 
° . . 7 . 
\)} eee = «eee os ai ~ ~= . _-- - _- =e- 5: ee gp = 
aeae * * - . 
an oa eae : : 7 4 . ' 
>» e-e . ' . . 
=< . * 
sé aww aw . - - ¢ . - = woo Bane 
agers f- : : ; : 
hem - . . oa ae 
; ’ aterm. - | 


es me 
4 
.¢ 

+ ow — 


WK: 
| 
. 7 ‘ 
+00 
” 


i’. 


7 = — 
« 
. . 
‘ 
‘ P 
28 ee pms I ee me = 
e 
a 
. 
a 
ae 2 








© : 
= 
ee 2 
prt fae oe . . to. . 
5 on 
. . , 
coe - - . “ ct ee ee e © Gems ++ ies 88 ee eee 4 eee oe +} 
: ea) ~} aa} 
team cee . 4 
-. =. ne a, - - - 
NS "we ae 
ea, 
. ‘ 
_— + ae - - s « - « ecw). oe - ao tw tt te 4 « - = eee 7. 
< 7 . ee : > t 
Vets e : ee B = ao 
oo vas. — a - so ae J 
mae . . « ‘ _ % 
watt Nd SF SBE $f 4 eovigr ar ata Seek eee ee 
: : cndiien | ’ . *- 4 ¢ +6 whee se ee 
~~ - . 4 a; 3 . . ove + s e: ei 4 
= +t ee, + at . +- er » fan aie earns: 
*@ere + . oo teen ‘ 4 sham 4k. te 3 | 
~~ = 1. Sy 2S. ets ais eee) ecu eae + ee wee be oe ee = a meh tat ae a cs ms ee eee. 


So ween 


ay 


+ s-—= ee ee - > ee ee ee. te 
t vee 
4 . i] pd 
‘ * : 
. ee an 
e aa’, . eee 
i : ' 
ee . j ¢ 
». 
$ 7a . . i. 
Pr oe a cd oe * G- ae be 
‘ + : 
. . ' ts 
* : + i | 
—— ~ . . -- i t. beses 
: ’ 








{ 
os 
% 
¥ 
ae 
: 
a 
tas 





al g t ae, a | 
es Yaa t rT 
: Say a Mo ay . te gee 
'" ‘ ze ; : oe 
14 * ‘ 
: : : a" i. 


. ea 
+ eof Pe ee eee 
eae Bieae 


1.1 no 
j 
“} 
ms a 
od 






aaa ae | . 
' ae oo . ’ - ee 
1+? s e * Pe . 
+ mes Oee ee ay : a. j = 







mre an ee EH 


arc: : wees mee 
pale ‘ 
a 
+ he - , . 
: : 
‘ 
’ 
« : i . ? = - « ‘ 
' . “4 





' ie 
te =. - - - t* . - +, , 
- . % ; ms a 


- 
. 


i HERMogéenm 


1a 


* Sia ares = ese: ma a e+ on id 





. -+ @ 4 = . * 
ee ee ee es ween 
e* . oe ~~ 
+ 8 «a # 
ae er: 
mts -* 






eo 


AY 4 = bd . cas ep caaey 
: t 


ot 


‘ 
we 





ee ee ee em ee oe RY 4 re REE, ee toe em eee Be = er I ee ee. ge eter em ae 4 
7 ; 5 at cake 8 - 4 - = +1 me 
. + ae > wee 8 » : a oe 

. : : ie 

+ * . 





















’ ‘ + 
. 4 - . ‘ 1 . yee 
omy. big ere oP isn ec 2 : . /_ @ : oe a! . t . b- -emee +4 
: : t ’ “. : “oe : . : ' Py ae . 
. * e . . i 4 
: x U8 ! 
ee-e o- "7 we eh tees obee a er | emda - “ ee = 6 7! ~ ae to eee 
, - * ° a at s- i Poe 
+ * . ' t . . 
4 - > 
oo. : ee a 
. at qs . ‘ @eie ae t.8 
‘ Y: ; 
’ ‘ ' ’ on) . 
; : 1 Pe 
- o-wee a et me - _— - + She oe ' - 7 -* 
‘ : rt : 
. d . ‘ . 
Seat te te ae eee ats eet out): 
; , . 
+ . 4° .7 # . 
. ' . >. 
Se Mitel d gv mia en ee, awe 2o- = * -we te o- - . - Prete ee - 6- + te 
, a. eo. . * ate ‘ , . . . "+ . 
a ae ee Se ee oa 
. : +E. fete fo a ls o4 . re 
or din: Co pagig ace, g ; = - a ae Pee ing 
se Re ee SO wee ot Om oy - . . ‘ +e - s-awte 
ta . * 
r ° Jet hes $ 7 ‘ ‘ 2 bas te Or 
2 . ’ * . * . . 
. e ‘ - . t 
oa - ee | 2 were Owe ee - we , - e+e trwee — oie 
. . 5 . 4 . were 
e t {- ‘ t ee . 
.4 t ‘ 
yh ae ; 
. . + oc ‘oe { 
t a * 
. - a . - Ld —— — La aed . - 
' . : - oO eee . ae 
. ' i 
Fi iow 4 oh ts - ore a *.e sie 
1 . ‘ . 
. ; ‘ ' + ' ; f 5 t 
’ + . + 
a o meet BS "5 . 7? A eee et : eee) - 
I as laa é wigs s teke se 
‘ : « gece] AoA 4 fs 
. : é “¢ . bow 4 eo. . 
; i ee Ae : t eee o his 
. o« o- ot le . ? e . ft 
' : , - eee : . .: 
eye ns bw ‘ 4 
. r = <a arog ; : at 
VB - = ome t+. . rs ~ew ee me wow me + ; ee a) ee eee 
: vse, : ~ ee =a | 
.- 1 tore =~ "4 7 ‘ r é 
a ro hy GPs eee t 
o4 aan: me > =e oo -beqnes - 
7s mae - : é . . s . . 
oie es es BA PE a a Las ee ¢ 
: ‘ ry . > **! t-- 
> e< a ated 7 
2 = F - - 6 ‘ome apra—eg 
i ‘ 
: i Bee erie . 
2 i 3 
. , . et “as “tf }. 
4 , « A 
. ‘ s 
é! ‘| 
. ; H -R- . 
g . 
f ‘ co : ; 
. 4 
f i a 
. ree a 
~ f Suet Sees . ef to 
O~ ‘ vA 7 a 
Si 7 . eS . ee Wa mi the mn eos © eee vel + _ ee 
5 . 
* - - 
- “ ° 
o- . ——— =e Siete we 
te . ' 
eee + “i: - - 
fii PES aoe ae 204 « 
. * 


if 


imitate aerate Ue aL em 6 ae ae 
: 1 - . pot g -epe x wo 
oe amma amc ade nae” ere a 
ee : ; e - . 






Wee we . ‘ 
. bf t 
- os so a oe . : Hj eee « 
. ee ee ee eee 24H ee pSe cach 
a | ie : cs 
‘ ° : Se eee : 
. bo . -% 
~ oq. . ea. *. 
-* wee - eo ere oom. ey 


we ee 2 oe wee OS 7 pw 


* 


‘ 
‘ 
4 
° 
a 
¥ 
: se 7 ~- 4: 
i a oe ei, 
« 
a 
a 


smmtin 
- 
+. . 


~ 

. 

we we 
, 
=~ 





_* 


3 ape 
is + “ . 
= ee -- ; ° . es 4 hg, Acity, (rere cate wt tery 
ie: : = 4a ‘ pone ons 
} ‘ ’ . : 
P* ‘ .* ta to me . - we ~ cobs nweh + “-» = af . 
i e | : ‘ re ' ‘ a 
: , ry - « * pe "4 . 
‘ . ‘ * 
; . mae =—s oe F ~” = abe moe o- g my . ’ 
: : 
“ae os 




















- 7 . + eo a, Caead «4 =? t 7 
Ser en: abaan spate aber: Ss. se5 ew ae ais ees eer ge wee mee ee 
eum gree re * See -4 . omer bee —— : | Ite = |} t e 
ae Pog~bhede was Oe Free > tt some _* , wt mee + "4 ? 
e oe es -_ apie | . va | - ° ° or t he . . ¥ os oe 9 ce * t 
ee + tae - fee - bm: wee ts oan - 4 . Oe ee . ° ‘ 
ne tm em eS om - scogm Gace tall Delia on "= oor - oo ig ee. 
. ae - . ar * 
‘2 o8e os re | , BI ra J ds : 7 ted 
-~ .- . » ~6 7 1 4 . - . . ' oa 
} Pee e- «# . ’ * tL a . 
Oe ee t “2 + - = fe, s baer | oe an oh e+ ae * u@ ——_ . 
: . e . “+ her | 1 ge ee 2 } a 
’ . orf eee ’ os : 
. i ' cal t . ‘ ' t ny i 
' Pay +t. aay 08 e.-: j He . 
mo | oe ~ -« = Aas hg eee Ff ewete my Pe OS =e t eee =“. 
. ros ’ 
Poe . Soe’ ty { f 
. 1 . + i t 
- wen . .e » 8a ae ae “3 
~ ¢ woe ~e eae - fd ee =. e oct ee : . 
or 8 . -¢@ oa 4 : ‘ i 
. o8 é ‘ . . Spee - 8 
a . - eee ‘ +t weege a 
. cy bret ewes ege = Lee bane 
.- 0 ee ee aes ee ee 6 -——_ ‘—e— © ah J 
- =. . . + pawn: > > ‘ bea 
- + 7- to. toc “12 * 4 | 
-t ‘ . . seem io: te . i . 
. -f- a ee CL Od -e os miele, oe 
. “ve a+ a ee ee beens. = © ee ee 
res eat an er ee . ) eames arts a Fe - ro. 
~ ot 4 t ass 4 +o8 =< ‘ 
. - * - _- on on ‘ - o 8 
fi Ls a oes Re es ee ae 
ory eet i eee fe ee sete pee: eee 5 ere ee ep ee 
aoe Be - -s + # 4m gy oe. i. - 7 ee f : af, . 
.-« eae cb * vata Foe, ane @e-sie ae See eee . ft ‘ . at 
* eocoge ~4 ee ‘ e = we o- 3 . 7 ae 1 = ° eeaqe 
* t ao mc ee ee ewe we we ol ee ~ebs 8 s og — + -~ =--6 . _-_ ene 
at a : + ‘ i : : - 1 - +4 
| eee ee ‘ vo as me : = Si . - . , ‘ . per 
. @e. ee . . , ° . oe 
os eee ee ee ee ee ee wee sk — “| ae 
sf ‘ . 1) ae . ~ 
- + 7 . » s « + oe 
. ‘ - oe - * “ . , -- 1 @ * 
‘i 2 as 5 : ‘ i : jt a) 
+ - ' - mace - « , 4 -# eT 
I me 





y) 


» 
ro. @ 
‘ 
+ 
1 
\ 
- 


a 
. 
, 
' 
ad 
’ 










Tay 
"ogi! 
“yf. 
~~ o8 
eed 

; 
$id 

° ee 

b-- 

—- 

| ee 

4 ’ 

i 


Par 


I STRAY 


vary” 


; we dae or we * 
ee ee ee 


4 
‘ 
. 
* 
i 
‘ 
‘ 
a6 ’ 
> 
. wt wt q+: 
. 
. 
aot: 





t. 
\ 
i a 









eee 


4 
= i 





























: e+ «- ° -—+ 
——— * bre ee GP ee ee ee ey Fo f_ 
7° @ toms 2 an eee - a*$: =a " . apeeqo-e 
. a. = pe ee * a . .- tee 
wnhisc. watenb ange sae 4 caer owt oe — engi pda a=) sowie coee-e 
: + a oiekene : th . a = oe bewe son - 
wwe eee Se eee ee . mo Ge. eo ween © 
. ‘ é . . @c:e Bear .. eas ee e- = . a0 oa 
: « se tee oe v4 . in ae 7? . aeons 5 
a= Hl « = 5 






Pome ee es 
@ sage: 

































Ser jets glk. 
b . 


— ee: 1c hed, afi 
a wake? 
; 
‘ 





pe eo. UL, 
sigs ik ge if tee 


. 
7s 








1@ > ee 





e tee 
"7 F ot 












+ tha 


- 
* 
“. 
@ 
4 
Py 
_/!. 
_—_ a4 


s+. ee . 
4 
a é - 
i 
, ' ’ F 
a 
a * tte’, Tepe 
Ae i 
¢ 
aa 
‘ 
* 
' 7 
yt oe er nanee 
1: * 
i {: ahs 
r- 
l 
a 
¢ 
se , 
' 
* 





ER we one - 


BR Geese tems 


RE 


Pe adie 


“8 


Ais 


Cio: UAL wre FARCT 


ub 


iar 


a 


i iin ie cr 4 


t 
t- 


| cee 





oe 
. 


Wied tin § 


cise ae — 


STAN Oady 


. 
Sate te ld = set, ese wae caw 


uy cf 
es * 
iy 
. oe ' 
ae 
: +” bey i 
aor : 


i 


Pe oe 


oe 


Pekan 


VEL WwW ER BCT A 





hme =! 





if Bi 


° p= —_ ec. 
: es 
er + peered (eee -~ ~~ 


pes 


—_. - 
. 


an eer rar ater fee Sea emeyeor a 
-* . 2 - 
atm ae z s . . ' 
= ‘ . ‘ + , 
- - - . - - —_—= oe ow 





+ Poh ws ewe q tomes 
« Tn 






sre emia 
ae-tpae mw @ 


toed > wen- pom Sma apes © 
ae 1" -t nies Ot 4 eb Bee 





vs pet geet 
“ea eee. a 


eee eee set! 


ee ee ee ee 











diweies "bt de bet fi 


oe Lick | 








ous: 
cs 
yt... 






. 
. 
> 
- 





- & 
.. a me 
~~ ee 
“he 


er 
. 


. “1 
. | Fore gee jet ene eee : i my wage Pe4 de ~ 
a . ‘ sae « . . er eee fer ‘ sos 
- “4: ‘ i a aero | cae atge tad ot 
‘ “* . te - ne: .- . * i: . | ~-t@ cae ote . Cr 
- ’ ? * * . . . . fd ' ee eqé . 4 . eree a ? 
et + if Oe we Fw med mee te ee tans a ae fae RN eh ee cis adn | emee Fy ads iow, SS deietee teams Tae oe fey 
$ —_ woe . * 1 . , 1 oa i 
q 7 ". 8 : . 7 : . 7 4 
‘ ‘ . » we rl ‘ : { ' t a-- 
cd . t * . eve -¢ '. ie ee 
oe . 7-¢ wow ema -—eo— . 1 “6 r ee | =e *@ sawmhe 
* ‘ . 1 4 - 
. J . . * * * . 7 
. ’ . . . s a . 
: ‘ : . ’ ’ . ’ .¢ 
eee +* hee yg ame ee me ? : see a et eee 
. : H oe 1 ee 
a ‘ ot cw Sat t - i 4 : Nat ag See cae} 
t id . as t oa . 3 . i er | 
"* gf rn ow anh men oe > Pee) me =e oe ed ro “ . . 4 Cee t 
| . 4 . - . ‘ 1 : reed 
. eal -*@ « ae 4 cy r « " 4 - oe eee . 
q my ~ ¢ wee i] °  . ee 1 - ‘ . : Boe week a4 so 7. : 
; ie 2 . 1 ; 5 H : . . d sas) - oe - Lon rat 
rea@et * sl oo. a ee ee! a _- “+e «= time eure ree aan oo ord wet eta oe es eae . + - 
t c }" ¢ , : a ae : : H t ie ried Aga & Ce 4 
: { oe i ; ‘ poo ee op * i ‘ 
‘ ’ ry ‘ ‘ ' 4 3 | tei. + os ' 
‘ os . -- ‘ . 4 . ae oe eed . “4 . 
. ba ote as san . . . bin Ca oy od. . « « - wie whee at saa be ees * 8 ré ae 
A . . + ' rt . abe a - . i di 
* t t . on : 1 a | 4 68 4 . Be ee J: see . 
: ; “! . a . 7 Pe gree 8 - ‘ 
“ . « * . ory . . . oe = 5 o 
Cr a a | . ‘ - « + - . ven ttag aera eae | swe ‘sae * - ae > pew 
a . 1 4 t 4 1 * BE! J . 
. r t 4 t ’ ‘ tee * ' - 
‘ . . ‘ ‘ . . . : f 
{ “ Bey = al Nees rd ao ‘ 
. . - 1 t ! ~ 1 = : _ 
' ' at ’ 7 , 5 
Py *e, é j " Py 7 ' 
9 ’ ~_— id 
oe 4 *.. ‘ oar .. 
ste mpl a eM ont 
‘ ” me . eat 
= wm, ioe . 
=. . ' 
ST ee tae a ' 
” wn : 
=a . en 1 . a. . * ° 
aM “ 
.- * ° 
i en : . 
= at - + - 
. - * ea 
"9 = “ i + ts * 
. . ’ a . ry 
. ‘ 
‘RR, a - a ‘ . ‘ . ¢ . » ' . aha . 
*e0 - a =n . ! ' 
‘ . en 
. i ‘ a 
1 . * * . : ' 
. a io an ves i ' ; 4 
i oce . ’ 4 
e . boas \ ‘ ‘ ‘ booty ii.‘if 
. oe . i » pe 1 * ; . j 
~ + bow e fina ew ‘ * re | a acd set cee) -_ - ‘tT: —e -_ 
. . - s . 
1 ’ ' . i . 
. _ ‘ 
¢ + 
’ oad + ~~, - i. “ foe see ges . 7 
1. : a ; ; a 
i 7 * . 
: . : . , . 
« ary ‘ . ; 7 be z hee ihe : wees 
* ' at ‘ . H _ 
' ited 
‘ e 
i . 
2 
; 7 
Lal ¥. dea bs ss wee ee an iintane, pittiettetlate’ . iS oenieitlantedtindties sata - — _— soe es / —— . ee sw eee ee i ee re et et rent ee Tr _-_ ‘ - Se ee ee 
J . } 


‘ . 

. 

1 

4 
7 . 

. ' 

’ : 

. oe - 
La 
we 

7s. 
= - 
oa ¢ fhe 


Prive: 3 Qertin 9/3 


y CA: aa an i oot’ 
ere es er et . i 2 ae A . ’ 
D eee : : Ae : fi tert ees 





. 
ee 


wean. FF 
Fy Orr 


‘ a 


. dew 








. 


— 7 caer 
py ee TN ot fiy : | he 
Making the reasonable eseumption that the reference sample used in this work is, 


bers 3 H, 
recavered phénolic-nylon ¢tviewlf (representative as used here means — 
“ The dats shows that the 
that both parts experienced approximately the same cure), then ,one-een-sen-—the 


most severe gradation of properties occurs from the surface (top third) to 1/16 

inch below it (middle third). That is :, a DTA and TGA showed the greatest 

change of property in that region as opposed gigi ae the aiddte third co, botton hind 
or bottom reference samples. Reference to Figure $ fehows this” to be true, 
especially in the region from 797°F to 932°F, 


The Arrhenius equation 


79s. 


LS Ae @ Oi 


. * 
. i : 
S : 7 
z tt eee = , 


provides the rational model currently used for predicting material response to 
high heating rate (re-entry) environments. 
Artheniuy parameters wore salculated from the TGA data using the method of Fuoas, 


i Oe oo went 2A. 


Salyer, and Wilson, . Results for the three different layers are presented in 
Table II below: 
| |TABLE ET 
ARRHENTUS 2ARAMETERS 
Reaction - —E Collision 


act 
Order (in kcal/mole) Frequency fA) 
(n) (in aac”) 
Top Third of 1 15.7 1.39 x 10° 
Debris 
2 31.4 2 6.45 x 10° 
Middlo Third wf 1 17.3 ; 4.6 x 107 
Debris 2 = 35.4 1.34 x 107 
‘ —. eee 2 
1 omrusenters 18.8 ee 1.26 x 107 


Bottom Third vt 
2 re | 





21.3 6.78 x 10° 


ce Phenolic i 
ad cea 5 42.6 1.409 x 10° 


Nylon 


An examination af the table indicates that the paremeters differ for che three cone 


Sone as aad Be epee, 
sample. Beginning at the top layer and proceeding through 


reference 
the material, a gradual increase in both activation energy and collision fre- 
quency may be noted, but the increase is slight. Increase in both parameters 


is monotonic from top to bottom to reference (unexposed) material. 
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b. Parts Syaiaetious: 

Four parts from: the recovered vehicle debris were sectioned and examined for 
indications of oe tactorateon due to orbit, reentry, and/or ambient ici tat ala 
The four parts were a microswitch (692D911), rorebody (10287805), sa ‘harness 
<umsvesse connector (W1J1), and a@ portion of the cast magnesium alloy fprereonn 
aaintiagiettg Ait evidence indicated that the parts had performed satisfactorily. 
Fused materials were identified and the minimum operating temperatures were estimated. 

Pigure V3 ie a schematic showing the location of che parte. The three items on 


the aft end of the vehicle showad indications of high temperature deterioration, 


+. whereae the cast magnesium alloy mounting ring, which is located approximately eight 


inches forward of the shield/thrust cone interface showed no sfgna of high temperature 
deterioration. Indications.of corrosion apparently due to weathering, and not con- 
Tro sen 
sidered excessive for the-30-—dey exposure, were noted on the harness interface, fore- 
¢ 

hody lug, and magnesium ring. 

1. Microswitch (C220911) 

The microswitch with an aluminum alloy angle bracket was removed from the R/V for 
examination; 5% inches of the lead wires (three in all) was also retained including 


a nylon faatener. The microswitch was located at the thrust cone/shield interface; 
two switches were used in the vehicle assembly and were located 180° apart in proximity 
co the yaw axis, The switch under conaideration was at 0° yaw axia. 
The alumiaum alloy angle bracket with its two bolts showed no signs of melting 
or deterioration. ..The casging of the microswitch had survived che environment ‘and 
was discolorad with a superficial coating of decomposition products emanating from 
adjacent materials. The plunger of the switch showed the game superficial coating; 
the seal between the plunger. and the silicone rubber bellows and hetwaan the bellows 


and the casing had decerforated. The boles attaching the witch to the angle were 


_du good cundicion. om ¢ *, 


The potting material had cracked such thet che terminals for three lead wires 





were axpased. No melting of the solder was noted. 





The lead wires showed no deterioration of the outer braid, A nylon attachment 
loop had fused onto the vires and ve a bolt. Lacing cord on the wires also had 
_, indications of incipient mel¢ing. 

The evidence of the fused nylon indicates an exposure to a temperature of approxi- 
mately 475°F. yr back of ree of the soldered terminals further indicates short- 


time exposure. The solder melts at 350°F and the casing and potting material would 


protect the teeminale during a short time thermal exposura. 

2. Forebody Lug (10287805) 

The forebody lug, measuring 4% x & x 1/8 inches which was attached to the 
aft end on the edge of the vehicle with a 2 inch projection outside the thrust cone 
‘assembly. The lug was located at 0° yaw axis. 

Evidence of thermal exposure of this first 2 inch section was noted as severe 
degradation of the dry film lubricant alkyd binder, and had the beaded appearance 
of weld spatter. The next 1 3/8 inches of the lug showed a gradual change to a: 
leas degraded condition. Adherence of the coating exhibited progressively less 
deterforation along this section of the lug. The remainder of the lug was unaffected. 


The only portion where corrosion was noted was che middle section. The quantity 


of rust was small. 





1 a seus 


4s. W1ST par errece: Harness Connector RB 2078-22-55) 

The caonaae interface showed fusion of the steel shell along one edge 
with some flaring, The renaining connector pins of the harness were held in place 
by the fused glass-bonded mica insert. The harness shell was also rusted indicating 
that a protective cadmium plating had been vaporized. 

_The indications are that this part was heated to a-miniewm Cemperature 

Of APyroe.n. are 
j venge 3000° F; “causing the observed fusiun of metal. The time of expesure can he 
estimated as short (¢~5 minutes). 
s -4, Magunting Ring (198R306) 

A representative sample of the aneneatin ring (ZEA1A alloy) was taken as 
two sections; the pad portion with the explosive bolt/piston assembly ,and an adjacent 
portion of the ring. The sectioned part was located {n quadrant IV. 

The ring pertion contained a steel dowei pin and an attached piece of 
-meteliic lead measuring 1 5/8 x 3/4 x 1/2 inches. The lead slug was attached with 
a cadmium lated steel bolt which showed some discoloration. The dowel pin was rusted 


and deep pitting was noted in the adjacent magnesium material indicating a gervancs 





= ce —<—— aes ee , a Te ats BOT ae © 
corrosion mechanism in this area... jhe Sepa’ PRAT Le Af 
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The pad is 2 complex shape, ane Wad attachments of the explosive bolc/piston assem- 
bly, five epoxy/fiber studa, and 3 slug of lead attached with a cadmium plated steel 
bolt. The lead slug was 2 x 3/4 x 1/2 inches and was bent into a shallow "vee" Neha 
with che bolt at the apex. The lead shawed no deterioracion. The five epoxy/fiber 
etude af the ahloald/atructuce Lateztace zara Ln sacel anit sgdithon. Thta entirn 


surface was in good condition indicating chac the adhenlve (M&P 100) afforded auFftclent 


protection, 
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27 ce =e ie sol ph 


of” 


vil. 


res I 


collision frequency 
activation energy | 
order of reaction 
conafrant 
instantaneous weight 
initial weight 


Final weight 


SYMBOLS 
A x 
Fact * 
n = 
R = 
W = 
Wy Oo 
W.. a 
\ 
Tt a 


abaclute temperature 


Diets ie 
The exterior portion of the explosive bolt/piston aasembly is fabricatec 
from an aluminum alloy and hed survived the environment. The piston sectic 
was discolored with a loose black scale. That portion of the pad that the 
explosive bolt was attached ‘ show extensive corrosion and parexcres of ea 
maura 
indicating that the part waa buried in the ground or had impect on that are. 
A portion of the pad that was at the shieldptructure integface had Fraccur 
on impact. Four alodined aluminum rivets were located in the wed portion o: 
the pad and no deterioration of these rivets was noted. 
No indications of fusion were. noted on the magnesium alloy mounting ring 
ita attechments. Corrosion of the magnesium wae not conaidered excessive fo 


type of environmental exposure and physical condition of the ring. Maximum 


peratures of the magnesium ring section were not excessive Rages 
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